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Abstract
NEXT-DEMO is a 1:4.5 scale prototype of the NEXT100 detector, a high-pressure xenon gas TPC that will search
for the neutrinoless double beta decay of 136Xe. X-ray energy depositions produced by the de-excitation of Xenon
atoms after the interaction of gamma rays from radioactive sources have been used to characterize the response of the
detector obtaining the spatial calibration needed for close-to-optimal energy resolution. Our result, 5.5% FWHM at
30 keV, extrapolates to 0.6% FWHM at the Q value of 136Xe. Additionally, alpha decays from radon have been used
to measure several detection properties and parameters of xenon gas such as electron-ion recombination, electron drift
velocity, diffusion and primary scintillation light yield. Alpha spectroscopy is also used to quantify the activity of
radon inside the detector, a potential source of background for most double beta decay experiments.
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1. The NEXT-DEMO prototype
NEXT-100 is a 100-kg high-pressure xenon gas elec-
troluminescent TPC [1]. It will search for the neutri-
noless double beta decay of 136Xe in the Laboratorio
Subterra´neo de Canfranc (LSC). The features that make
NEXT a powerful ββ0ν experiment are very good en-
ergy resolution, tracking capabilities and scalability to
large detector masses.
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Figure 1: The NEXT detector concept. A plane of PMTs lo-
cated behind a transparent cathode detects both S1 and S2 sig-
nal measuring start of event time and the energy of event. On
the other side, a plane of SiPMs detects the forward EL light,
providing topological information of the event.
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NEXT-DEMO is a 1-kg prototype built to demon-
strate the detector concept to be used in NEXT 100,out-
lined in Fig. 1. The xenon active volume of the TPC
comprises a 30 cm drift region, operated at a drift volt-
age between 200-1000 V · cm−1 and a 0.5 cm EL region
with a reduced electric field of 1-2 kV · cm −1 · bar−1.
The pressure is 10 bar for all the studies presented here.
It has been running for 3 years using different ra-
dioactive sources. Some measurements made so far in-
clude energy resolution, imaging of single and double
electron tracks and xenon gas properties (drift velocity,
diffusion) [2, 3, 4, 5, 6].
2. Studies with electromagnetic depositions
X-ray depositions have been used to determine the
energy response of the TPC, needed to achieve the goal
energy resolution [5]. XY energy response has been
measured in the active volume of the detector in order
to homogenize the response in the energy plane.
Drift velocity is obtained by studying the temporal
distribution of these events, shown in Fig. 2. Using the
primary scintillation we are able to measure the drift
time of the electrons coming from the cathode, the full
drift length, and obtain the drift velocity. Results are
consistent with previous measurement using alpha par-
ticle depositions [6]. In addition, these events are used
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Figure 2: Electron drift velocity in NEXT-DEMO for X-ray
and alpha decays compared to simulations with Magboltz for
pure xenon. [7]
to monitor the gas quality of the detector, homogenizing
the response of different data runs.
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Figure 3: Energy spectrum of 22Na measured in NEXT-
DEMO. The energy resolution achieved was 0.62%FWHM
and 0.73%FWHM at Qββ for the X-ray and photoelectric
peaks, respectively. Resolution is scaled as 1/
√
E
.
Energy released by gamma particles coming from
22Na and 137Cs sources have been corrected in drift di-
rection, due to attachment, and XY according to indi-
vidual PMT maps. The corrected energy of the event is
calculated by the weighted sum of the contributions of
each individual PMT. This method is used to calibrate
the energy in all the energy range. Once the energy
spectrum is corrected, energy resolution for the X-ray
peak as well as the photoelectric peak are obtained.
These results match the goal for the NEXT-100 de-
tector, as they are below 1% at Qbb of 136Xe, as seen in
Table 1.
Source Energy (keV) Energy Resolution%FWHM
Energy Resolution
%FWHM@Qbb
137Cs 30 5.54 0.61
137Cs 661.7 1.58 0.81
22Na 30 5.69 0.62
22Na 511 1.62 0.73
Table 1: Energy resolution for the X-ray and photo-electric
peaks of 137Cs and 22Na. Resolution better than 1% FWHM is
achieved for Qββ in all the peaks.
3. Studies with Alpha particle energy depositions
Alpha particle energy depositions can be used to
study gas Xenon properties as well as detector perfor-
mance [6]. Radon is a potential background for dou-
ble beta decay experiments. Understanding the control
of radon is key for low background experiments like
NEXT.
In these studies we have measured radon alpha de-
cays coming from a 226Ra source connected to the gas
system of the detector with different drift voltage con-
figurations.
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Figure 4: Ionization signal (N2) versus primary scintillation
signal (N1) for drift field of 1 kV/cm. Four alpha decays can
be seen, from lower to higher energies: 222Rn, 218Po, 220Rn,
216Po.
The energy deposited in the chamber is divided in
scintillation (S1) and ionization (S2) of the atoms in the
gas. Because of the big amount of electrons generated
by the alpha particle some of the free electrons recom-
bine and some energy moves from S2 to S1 signal. Be-
cause the electrons lost by recombination transform into
scintillation light, there is an anti-correlation between
those two signals. Thus we find an anti-correlation be-
tween ionization and scintillation signals that can be
2
used to improve the energy resolution [8]. This effect
grows when the drift field decreases.
Using the anti-correlation we have defined the energy
as the sum of the S1 signal plus the S2 signal weighted
by the optical gain of our detector where λ is a calibra-
tion constant and ηEL is the optical gain of the detector:
E = λ(N1 +
N2
ηEL
) (1)
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Figure 5: Energy spectrum for alpha candidate events in
NEXT-DEMO for the 1 kV/cm drift field run. Plot is in log
scale. A fit to the data is also shown, as a sum of four Gaus-
sian functions.
The two peaks with lower energy (and higher in-
tensity) from Fig. 5 correspond to the alpha decays of
222Rn (5.49 MeV) and 218Po (6.00 MeV) from the alpha
source, while the other two correspond to 220Rn (6.29
MeV) and 216Po (6.78 MeV) from natural impurities in
the xenon gas. We have obtained an energy resolution
in the peak of 5.49 MeV of 2.83%FWHM, compared to
8% FWHM of a previous study in NEXT-DEMO.
We were also able to identify another natural chain of
radon that was present in the gas probably coming from
natural radon inside the gas.
4. Conclusions
We reported on X-ray point-like depositions to mea-
sure the energy response of the NEXT-DEMO detec-
tor. An energy resolution better than 1% FWHM at Qββ
of 136Xe, goal of the NEXT-100 detector, has been ob-
tained for two different radioactive sources, 137Cs and
22Na. In addition alpha decays from 226Ra have been
used to study the properties of 222Rn inside the chamber.
Electron-ion recombination has been measured and ex-
ploited to improve the energy resolution, which is lim-
ited by the low statistics of the S1 signal. Four alpha de-
cays have been observed providing information on the
presence of different decay lines inside the detector.
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